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Abstract

To assess the hypothesis that oral contraceptives (OCs)
increase the risk of cervical adenocarcinomas, we
conducted a six-center case-control study of 124 patients
with adenocarcinomas, 139 with squamous cell
carcinomas, and 307 population controls. Women
between the ages of 18 and 69 who were newly diagnosed
with cervical adenocarcinomas between 1992 and 1996
were eligible. Healthy female controls and a second case
group of incident cervical squamous cell carcinomas were
matched to the adenocarcinoma cases. All participants
were interviewed regarding OCs, other risk factors for
cervical carcinoma, and utilization of cytological
screening, and a PCR-based test determined HPV
genotype of cervical samples for both case groups and
controls. Use of OCs was positively and significantly
associated with adenocarcinomas and positively but
weakly associated with squamous cell carcinomas.
Associations between OCs and invasive adenocarcinomas
(n = 91), squamous cell carcinoman situ (n = 48), and
invasive squamous cell carcinomasn(= 91) disappeared
after accounting for HPV infection, sexual history, and
cytological screening, but a positive association remained
between current use of OCs and cervical adenocarcinoma
in situ (n = 33). This association persisted after
stratification by screening and sexual history and after
restriction according to HPV status, but small numbers
made it difficult to exclude detection bias, selection bias,
or residual confounding by HPV as potential
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explanations Current OC use was associated with
cervical adenocarcinomasn situ, but we saw no other
evidence that OCs independently increase the risk of
cervical carcinomas.

Introduction

Decreased incidence rates for cervical carcinomas since the
1970s combine declining rates of squamous cell carcinomas (1)
with rising rates of adenocarcinomas, especially among
younger women (2-5). Effective screening programs contribute
to decreasing incidence rates of squamous cell carcinomas (6),
but neither improved surveillance and classification of adeno-
carcinomas (7) nor a birth cohort phenomenon (8) appears to
account for all of the increase in adenocarcinomas. The clinical
heterogeneity of cervical adenocarcinomas makes etiological
investigations challenging (9), but a hypothesized association
with use of OC3 might explain recent trends (4, 7, 10).

OCs are highly correlated both with sexual behaviors that
increase exposure to the HPVs that cause cervical carcinomas
and with utilization of Papanicolaou cytological screening (Pap
smears; Refs. 11 and 12), which decreases cervical cancer
incidence by identifying precursor lesions such as carcinoma
situ. Distinguishing causal pathways from spurious associations
attributable to residual confounding has therefore been chal-
lenging (13-15). Several (16-18) but not all (19-22) studies
found elevated risks of adenocarcinomas and elevated risks of
squamous cell carcinomas (23-25) among OC users, but com-
plete control of confounding has been difficult (26, 27). Accu-
rate classification of HPV infection in epidemiological studies
has only recently become feasible (28).

To evaluate the hypothesis that OCs increase the risk of
cervical adenocarcinomas, we conducted a multicentered case-
control study involving patients with adenocarcinomas, patients
with squamous cell carcinomas, and community controls. Ex-
tensive risk factor information, including sexual behavior,
screening patterns, and type-specific HPV genotype allowed us
to control for multiple potential confounding variables.

Materials and Methods

This study included women who were diagnosed at one of six
medical centers (George Washington University Medical Cen-
ter, Washington, DC; Georgetown University Medical Center,
Washington, DC; Graduate Hospital, Philadelphia, PA; Her-
shey Medical Center, Hershey, PA; University of Maryland
Hospital, Baltimore, MD; and Yale/New Haven Hospital, New
Haven, CT) in the eastern United States. Institutional review
boards at the National Cancer Institute and each institution
approved the study. Women between the ages of 18 and 69 who

2 The abbreviations used are: OC, oral contraceptive; HPV, human papillomavi-
rus; STM, specimen transport medium; OR, odds ratio; ClI, confidence interval.
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were diagnosed between January 1, 1992 and March 1, 1996repository for storage. Controls were invited to visit the clinic
with incident invasive primary adenocarcinoma or adenocarci- from which their index case was recruited to complete the data
nomain situ of the uterine cervix, adenosquamous carcinoma, collection. All participants had the option of an in-home inter-
or other rare histological types of cervical carcinoma with view and sample collection, but home visits included only the
glandular involvement (ICD-O 180.0, 180.1, 180.8, or 180.9) self-administered samples.
were eligible. Enrollment began in July 1994, and therefore we A PCR-based reverse line blot detection method that uses
retrospectively ascertained incident cases diagnosed betweerthe MY09/11 L1 consensus primer system and individually
January 1992 and June 1994. Prospective ascertainment ofdiscriminates 27 HPV genotypes determined HPV DNA gen-
cases between July 1994 and March 1996 occurred at the threeotype (29). After testing, we learned that some of the STM had
largest clinical centers (Georgetown, Hershey, and Yale). been contaminated with HPV 16 DNA-containing plasmids
Women diagnosed with endometrial carcinomas, sarcomas, during manufacture. To distinguish true HPV 16 infections
fibromas, myomas, or lymphomas were ineligible. A three- from contamination, we retested all HPV 16-positive samples
pathologist panel reviewed pathology reports and histological with a second set of primers that do not amplify the segment of
specimens from 88% of the adenocarcinoma cases and con-HPV 16 DNA contained in the contaminating plasmids (30).
firmed the original histological diagnosis of these cases. Only the specimens that tested positive using both sets of
A sample of patients with squamous cell cervical carcino- primers were considered HPV 16 positive. Positive samples
mas formed a second case group. Using the same eligibility were grouped hierarchically according to type: type 18, type 16,
criteria, we matched these women on clinic, age at diagnosis type 18-related (types 39, 45, 59, or 68), other cancer-associ-
(=5 years), diagnosis date-@ months), and stage of disease at ated types (types 26, 31, 33, 35, 51, 52, 55, 56, 58, W13B, Pap
diagnosis (carcinomén situ versusinvasive carcinoma) to 291, or Pap 238A), or “low-risk” types (types 6, 11, 40, 42, 53,
women with adenocarcinomas at a 1:1 ratio. Diagnosis date or 54, 57, 66, or Pap 155). Comparison of the clinician-adminis-
age-matching criteria were relaxed if no matching squamous tered and self-administered HPV results revealed good agree-
case could be found. ment (90% agreement; Kappa coefficient, 0.76). We therefore
Modified random digit dialing identified population con-  used the results of the self-administered samples for women
trols, who were individually matched 2:1 to the adenocarci- who did not have clinician-administered samples.
noma cases on age:-b years), clinic, race/ethnicity, and tele- Two hundred three women with potential adenocarcino-
phone exchange. We generated a random sample of telephonenas were identified, but 27 chose not to participate, 2 were too
numbers within each adenocarcinoma case’s exchange andill to participate, 11 could not be located, 7 died before they
called all households to enumerate adult women by age andcould be enrolled, and 10 could not be enrolled for other
ethnicity; the response to this phase was 79%. We then calledreasons. Four of the 146 eligible cases could not be interviewed,
two age- and ethnicity-matched potential controls for each case and 18 interviewed cases were diagnosed with other cervical
(three for cases older than 45, to account for increasing prev- carcinomas that were not adenocarcinomas. Cervical samples
alence of hysterectomy) to determine hysterectomy status, were available from 116 of the final 124 adenocarcinoma cases.
which was reported by 75% of respondents. After exclusion of Two hundred fifty-five women with squamous cell carcinomas
women with a hysterectomy (and random exclusion of one were identified, but 38 chose not to participate, 3 were too ill,
control if all three were eligible), eligible controls were invited 29 could not be located, 25 had died, 12 could not be enrolled
to participate. We matched other eligible controls from the for other reasons, and 2 did not speak English. Of these 146
initial enumerated lists or relaxed the matching critegay( remaining eligible cases, 139 completed the interview, and 129
6-year age intervals) when two controls could not be matched. contributed a cervical sample.
Refusals were replaced but included in the response denomi- Four hundred seventy controls were identified, but 126
nators. chose not to participate, 1 was too ill, 15 could not be located,
All consenting and eligible participants completed per- and 21 could not be enrolled for other reasons. All of these 307
sonal risk factor interviews with trained staff. To minimize the eligible controls completed the interview, and 255 contributed
effect of diagnosis on exposures and to exclude recent Papa cervical sample. Demographics, patterns of sexual behavior,
smears that led to the diagnosis of cervical cancer, both caseand use of OCs for 25 women with adenosquamous tumors and
groups reported exposures that occurred before a referencel3 with other rare histological types of cervical carcinomas
date, which was 12 months before their diagnosis. Controls with glandular involvement resembled those for the 86 adeno-
were assigned the reference date of their index adenocarcinomeacarcinomas, and therefore the analysis combined these three
case. A calendar approach captured recency, latency, currentgroups. The final analytic group included 124 adenocarcinomas
use, and duration of OC use relative to the reference date. (33 adenocarcinomia situand 91 invasive tumors), 139 squa-
We sought consent from all participants to collect cervi- mous cell carcinomas (48 carcinonrasitu and 91 invasive
covaginal cells for HPV DNA testing using both self-adminis- tumors), and 307 community controls.
tered and clinician-administered samples. The self-adminis- To avoid loss of cases without a matched control and
tered specimen was collected with a Dacron swab and stored inbecause controls were individually matched to adenocarcinoma
1 ml of STM (Digene Corp., Silver Spring, MD). Clinician-  cases but not to squamous cell carcinoma cases, unconditional
administered samples were collected during pelvic examina- logistic regression was used in favor of conditional logistic
tions using two Dacron swabs, each stored in 1 ml of STM. For regression (31). ORs and 95% Cls estimated relative risks.
population controls, cases who were sampled before treatmentFinal regression models retained a parsimonious combination
and cases whose treatment did not include removal of the of matching and confounding variables that altered parameter
cervix, clinicians collected one specimen from the ectocervix estimates for OCs by at least 10%: age30, 30—39, 40—-49,
and one from the endocervix. For cases sampled after surgical50-59, and=60), ethnicity (Caucasiaversusnon-Caucasian),
treatment who no longer had an intact cervix, both clinician- household income <($30,000, $30,000-$49,999, and
administered Dacron swab specimens were obtained from the =$50,000), HPV genotype (negative or low-risk; types 16, 18,
vaginal cuff. All specimens were frozen, stored at the clinics, 18-related, or other cancer-associated types; unknown), number
and regularly shipped on dry ice to the National Cancer Institute of Pap smears in the previous 10 yeardQ versus=10), and



Cancer Epidemiology, Biomarkers & Prevention 1081

number of lifetime sexual partners:¢ versus=4). The addi- Table 1 Percent distribution of demographic factors, sexual behavior, and Pap
tion of other variablesg.g.,smoking) to this combination did smear screening for 124 women with adenocarcinomas, 139 with squamous
not change the OC parameter estimates. Clinic was dropped cell carcinomas, and 307 community controls

from final models because it had no impact on OC associations. . Squamous cell

Tests for trend reflect two-side®s from models that included Adenocarcinomas™ ., vinomas  CONtrols

ordinal variables for categorical exposures. The SAS system

A t ref dat
(32) computed all analyses. ge atrelerence cate

<30 years 21.8 20.4 21.8
30-39 years 315 37.4 34.9
Results 40-49 years 32.3 26.6 27.4
Sample collection preceded treatment for 31% of adenocarci- 10&353 o g'f g ‘: 141'67
noma cases and 42% of squamous cell carcinoma cases. Eighty-g,niciry ' ' '
two % of adenocarcinoma and 73% of squamous cell carcinoma  caycasian American 903 80.6 86.5
samples collected before treatment contained HPV DNA,  African American 6.5 13.0 9.2
whereas 38 and 42%, respectively, of those collected after  Non-Caucasian, non-African 3.2 6.5 43
treatment contained HPV; 19% of the control samples con- American
tained HPV. Adenocarcinomas were significantly associated Education
with HPV types 18 and 16 (age- and ethnicity-adjusted ORs for €SS than high school 113 131 9.2
. . K High school graduate 25.8 44.5 255
all casesversuscontrols: OR, 11.7 and OR, 5.6, respectively; 8
Beyond high school 62.9 42.3 65.4
cases sampled before treatment: OR, 104.1 and OR, 43.2, . sehold income
respectively). Squamous cell carcinomas were more strongly 30,000 35.0 48.6 27.4
associated with HPV type 16 than type 18 (all cases: OR, 10.0  $30,000-$50,000 26.8 30.4 31.4
and OR, 5.2, respectively; cases sampled before treatment: OR, >$50,000 38.2 21.0 41.4
38.0 and OR, 2.3, respectively). Smoking
Ethnicity, education, and household income varied slightly ~ Never 50.0 35.0 53.6
between case groups and the community controls (Table 1). =10 years 19.4 16.1 19.1
Height, weight, age at which menstrual periods became regular, 120 years 13.7 24.1 13.2
. . . ! >20 years 16.9 24.8 14.1
and age at first pregnancy were associated with adenocarcino- .
. . . No. of sexual partners in
mas but did not confound the OC relationships, whereas adult lifetime
weight gain, smoking, parity, infertility, age at which regular 0-1 20.5 13.8 33.8
douching began, number of years of regular douching, and 2-3 17.2 21.1 25.3
number of sexual partners in the past 5 years or in the 10 years 4 or more 62.3 65.2 41.0

after first intercourse were associated with both histological No. of Pap smears in 10 years

types but also did not confound the OC associations (data not ~_Pefore diagnosfs 203 ) 453
shown). Most cases but fewer than half of the controls reported 6-9 130 iéi 177
at least four sexual partners. Controls were more likely than ;4 o nore 577 16 290
both case groups to have had a Pap smear in the past year.vonths since most recent Pap

Squamous cell carcinoma cases reported the fewest, and ade-  smea?

nocarcinoma cases the most, Pap smears in the previous 10 12-23 51.6 475 65.2
years. 24 or more 41.1 46.0 27.0

. Unknown 7.3 6.5 7.8
OC Use among Adenocarcinoma and Squamous Cell Car- W

cinoma Patients. Each measure of OC was positively associ- “Pap smears:12 months before the date of diagnosis (or the reference date for
ated with adenocarcinomas, with stronger associations for lon- conrols) were considered diagnostic Paps and were excluded.

ger and more recent exposures (Table 2). Adjustment for

income, number of Pap smears, sexual partners, and HPV

infection attenuated all of the associations. Sexual partners andbefore the reference date. Current use was associated with
HPV were the most influential confounders, and none of the adenocarcinoman situ, regardless of annual Pap smears (OR,
results differed after excluding the 25 women with adenosqua- 11.9 among women with annual Pap smears; OR, 4.6 among
mous carcinomas or the 13 women with other rare adenocar- women without) or recent Pap smears (OR, 8.4 among women
cinomas. Initial ORs for squamous cell carcinoma weik0, with a recent Pap smear; OR, 6.9 among women without). OCs
but full adjustment generated null associations. for >6 years was associated with adenocarcindmasitu

OC Use by Stage of Disease at Diagnosi$vomen diagnosed ~ among annually screened women (OR, 4.7) and among women
with carcinomain situand invasive carcinomas were compared Without a recent Pap smear (OR, 6.4) but not among those
separately to all controls (Table 3). Years since first and last use Without annual Pap smears (OR, 1.0) or those who were re-
are not presented because they were highly correlated with cently screened (OR, 0.8). Stratification did not change the null
duration of use and age at first use. Current and longer use wereassociations for invasive adenocarcinomas (data not shown).
significantly associated with adenocarcinoimasitu. The as- OCs and HPV Status. Because HPV infection is considered a
sociation between adenocarcinoimasitu and first use before necessary cause of cervical cancers, women who are not in-
age 17 likely reflected a duration effect, because 10 of those 13 fected with HPV are not at risk for developing cervical cancers
women had used OCs for at least 6 years. Adjustment producedand thus should be excluded from the analyses. We repeated the
null associations for invasive adenocarcinomas, invasive squa-analyses after excluding the controls in whom HPV was not
mous cell carcinomas, and squamous cell carcinomnstu. detected or for whom a cervical sample was not available
To explore residual confounding by Pap smear screening, (Table 4). Current OCs and OCs for6 years were signifi-
we stratified according to recent Pap smeatslZ months cantly associated with adenocarcinonimasitu but not with
before the reference date) or annual Pap smears in the 10 yearénvasive adenocarcinomas or squamous cell carcinansau.
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Table 2 OC use among adenocarcinoma cases, squamous cell carcinoma cases, and community controls: Adjusted ORs and 95% Cls

Controls Adenocarcinomas Squamous cell carcinomas
n n? OR° OR® (95% ClI) n® OR° OR° (95% ClI)
Never used OCs 76 23 £o 1.¢¢ 34 1.0 1.¢¢
Ever used OCs 231 101 1.6 1.0 (0.5-1.9) 105 1.1 0.8 (0.4-1.5)
Former use 187 70 1.3 0.9 (0.5-1.7) 85 11 0.9 (0.5-1.7)
Current us@ 41 28 3.0 1.8 (0.7-4.3) 19 1.3 0.8 (0.3-2.0)
Duration of use
2 years or less 70 27 14 0.9 (0.4-2.0) 33 1.2 0.8 (0.4-1.7)
2-6 years 81 28 1.2 0.7 (0.3-1.5) 33 1.0 0.7 (0.4-1.5)
>6 years 77 43 24 1.2 (0.6-2.6) 38 1.2 0.9 (0.4-2.0)
P (trend) = 0.58 P (trend) = 0.88
Age at first OC use
Before 17 58 29 2.0 1.0 (0.5-2.3) 31 15 0.9 (0.4-2.1)
18 or 19 56 25 1.8 1.1 (0.5-2.4) 32 1.6 1.2 (0.5-2.6)
20-22 58 26 1.7 1.0 (0.4-2.2) 26 1.2 0.8 (0.4-1.8)
After 22 56 18 1.2 0.9 (0.4-1.9) 15 0.7 0.6 (0.2-1.3)
P (trend) = 0.69 P (trend) = 0.22
Years since first use
10 or fewer 59 25 2.0 1.3 (0.5-3.2) 21 11 0.7 (0.3-1.9)
10-15 39 19 21 1.0 (0.4-2.6) 32 54 1.8 (0.7-4.4)
15-20 50 21 1.7 1.2 (0.5-2.9) 20 11 1.0 (0.4-2.4)
>20 80 33 1.3 0.7 (0.3-1.6) 31 0.9 0.6 (0.3-1.3)
P (trend) = 0.52 P (trend) = 0.36
Years since last use
2 or fewer 59 31 2.6 1.3 (0.5-3.1) 31 1.4 0.9 (0.4-2.1)
2-10 59 21 1.6 0.8 (0.4-2.0) 26 1.1 0.7 (0.3-1.6)
10-18 65 32 1.8 1.2 (0.6-2.5) 25 0.9 0.8 (0.4-1.8)
>18 45 14 1.0 0.6 (0.2-1.5) 22 1.2 0.9 (0.4-2.0)
P (trend) = 0.46 P (trend) = 0.63

2 Excludes missing responses.

b Adjusted for age €30, 30-39, 40—-49, 50-59, am60 years) and ethnicity (Caucasigersusnon-Caucasian).

¢ Adjusted for age, ethnicity, income<$30,000, $30,000-$50,000, and50,000), HPV (negative or low-risk; types 16, 18, 18-related, or other cancer-associated types;
unknown), lifetime number of sexual partners4 versus=4), and number of Pap smears in last 10 year$(Q versus=10).

d Referent group for the column.
¢ Defined as OC use 12 months before diagnosis for cases and at reference date for controls.

f95% Cl excludes 1.0.

Associations for invasive squamous cell carcinoma were sim- and <6 yearsversus>6 years. With women who were not
ilar to those based on all controls. currently using OCs and who had used OCs@& years as the

To further address HPV misclassification in cases who referent group, current use was positively associated with ad-
were treated before cervical samples were obtained, we re-enocarcinoman situ among women who used OCs fet6
peated the analyses after excluding the 90 adenocarcinomayears (OR, 2.1) and significantly associated among women who
cases and the 94 squamous cell carcinoma cases from whomhad used OCs for-6 years (OR, 11.4). OCs for6 years was
samples were obtained after treatment. All six women with not associated with adenocarcinomasitu among non-current
adenocarcinoma situwho were sampled before treatment had users (OR, 0.9). Invasive adenocarcinomas were not associated
used OCs, and therefore ORs could not be calculated in this with OCs (data not shown). Further adjustment for use of
subgroup. For the 28 women with invasive adenocarcinoma, 13 barrier contraception or restriction to the women who had used
women with squamous cell carcinonmasitu, and 32 women barrier contraception did not change the results (data not
with invasive squamous cell carcinomas, results were un- shown).
changed (data not shown).

Stratification by number of early.€.,in the 10 years after ) )
first intercourse) or lifetime sexual partners, which served as Discussion
proxies for infection with HPV, produced similar results. Cur- Numerous studies have found OC users at increased risk of

rent use was associated with adenocarcin@maitu among squamous cell carcinomas (25, 33-36) and even higher risk of
women with fewer than 4 (OR, 10.3) or4 (OR, 7.4) early invasive adenocarcinomas (16-18, 23, 24), but most studies
partners and among women with fewer than 4 (OR, 16.9)4r lacked HPV data or used unreliable detection techniques (37).
(OR, 6.6) lifetime partners. OCs for6 years was associated Recent studies that used more accurate PCR-based techniques
with adenocarcinoman situ among women with<4 (OR, 4.5) confirmed the increased risks for squamous cell carcinomas
but not>4 (OR, 1.9) early partners and among women with (38-40) but have not addressed adenocarcinomas. Neither of

(OR, 14.8) but not-4 (OR, 1.4) lifetime partners. Stratification  the two largest studies of adenocarcinomas (16, 17), which both
did not impact associations with invasive adenocarcinomas controlled for confounding by sexual history and screening,
(data not shown). was able to assess potential confounding by HPV. However, a
We evaluated the interaction between current use and recent report identified significant associations with OC use
duration of use for adenocarcinomas by collapsing both meas- among 151 cases of cervical adenocarcinomasitu after
ures into dichotomous variables: non-curreersuscurrent, controlling for HPV through PCR methods in cases and anti-
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Table 3 ORSs' and 95% Cls for use of OCs among adenocarcinoma cases and squamous cell carcinoma cases, strasfiedveysusnvasive tumors

Adenocarcinomas

Squamous cell carcinomas

In situ Invasive In situ Invasive
n° OR (95% ClI) n® OR (95% CI) n° OR (95% CI) n® OR (95% CI)
Never used OCs 2 1.0 (réf) 21 1.0 (refy 7 1.0 (refy 27 1.0 (refy
Ever used OCs 31 3.4(0.7-16.0) 70 0.8 (0.4-1.6) 41 1.0 (0.4-2.8) 64 0.8 (0.4-1.7)
Former use 13 2.0 (0.4-9.9) 57 0.8 (0.4-1.5) 32 1.3 (0.5-3.6) 53 0.9 (0.4-1.7)
Current usé 18 12.6 (2.5-64.2) 10 0.6 (0.2-2.0) 9 0.9 (0.2-3.3) 10 0.9 (0.3-2.6)
Duration of use
2 years or less 7 3.2(0.6-17.2) 20 0.8 (0.3-1.8) 10 0.9 (0.3-3.0) 23 0.9 (0.4-2.0)
2-6 years 7 1.7 (0.3-9.5) 21 0.7 (0.3-1.6) 15 0.9 (0.3-2.8) 18 0.7 (0.3-1.6)
>6 years 17 6.0 (1.2-30.7) 26 0.8 (0.3-1.8) 16 1.2 (0.4-3.9) 22 0.9 (0.4-2.2)
P (trend) P =0.03 P =0.62 P = 0.67 P =0.74
Age at first OC use
Before 17 13 4.6 (0.9-23.9) 19 0.7 (0.3-1.9) 11 0.7 (0.2-2.6) 21 1.2 (0.4-3.0)
18 or 19 8 4.1(0.7-22.8) 17 0.8 (0.3-2.1) 16 1.6 (0.5-5.0) 16 1.1(0.4-2.8)
20-22 5 2.2 (0.4-13.1) 21 0.9 (0.4-2.2) 9 1.0 (0.3-3.4) 17 0.9 (0.3-2.2)
After 22 5 2.9 (0.5-17.1) 13 0.7 (0.3-1.7) 5 0.9 (0.2-3.5) 10 0.5(0.2-1.4)
P (trend) P =0.86 P =0.59 P =0.86 P =0.19

2 Adjusted for age, ethnicity, income, HPV, lifetime number of sexual partners, and number of Pap smears.

b Excludes missing responses.
¢ Referent group for the column.

9 Defined as OC use 12 months before diagnosis for cases and at reference date for controls.

Table 4 ORS for use of OCs among cases and HPV-positive controls

1083

Controls Adenocarcinomas Squamous cell carcinomas
n° In situ Invasive In situ Invasive
Never used OC 11 1°0 1.0¢ 1.0¢ 1.0¢
Ever used OCs 37 5.4 (0.7-43.4) 1.3(0.4-4.4) 1.7 (0.5-6.2) 1.2(0.4-3.8)
Former use 27 3.1(0.4-27.5) 1.3 (0.4-4.1) 1.8 (0.5-6.7) 1.0 (0.3-3.2)
Current usé 10 17.1(1.5-188.2) 2.1(0.4-11.9) 1.6 (0.3-8.5) 0.7 (0.1-3.6)
Duration of use
2 years or less 9 4.0 (0.4-44.3) 1.5(0.3-6.6) 1.4(0.3-7.2) 1.1(0.3-4.2)
2-6 years 12 4.8 (0.4-51.9) 1.1(0.2-5.2) 3.8(0.7-19.3) 1.9 (0.4-8.4)
>6 years 16 6.2 (0.7-52.7) 1.0(0.2-4.2) 1.1(0.3-5.0) 0.9 (0.2-3.7)
P (trend) P =0.12 P =0.88 P =0.85 P =0.99

2 Adjusted for age, ethnicity, income, HPV, lifetime number of sexual partners, and number of Pap smears.

P Excludes missing responses.
¢ Referent group for the column.
9 Defined as OC use 12 months before diagnosis for cases and at reference date for controls.

body-based methods in controls (41). Armed with a recently short-term OC users in the referent group produced similar
developed PCR technique for identifying HPV in both cases results. Detection bias is equally tempting, because cervical
and controls, we designed our analysis to evaluate risk associ-carcinomain situ is generally asymptomatic (42) and detected
ated with OCs in women with histologically confirmed adeno- through regular Pap smear screening (15). Although OCs and
carcinomas. screening were positively correlated in our data, associations
Adjustment for HPV, sexual history, and screening elim- remained within the strata of recently or annually screened
inated the positive associations between OCs and invasive women.
adenocarcinomas, invasive squamous cell carcinomas, and Our pathology panel reviewed information from potential
squamous cell carcinoma situ. Multiple measures of OC use  cases to reduce misclassification (9). However, selection bias
remained associated with adenocarcinamaitu, and current was possible if the 21% of eligible adenocarcinoma cases and
use appeared to drive these results. Simultaneous assessment @6% of squamous cell carcinoma cases who had died, were in
current use and duration revealed duration associations only poor health, or chose not to participate differentially used OCs
among current users. Current use was consistently associatecand had an unequal distribution of disease stage at diagnosis.
with adenocarcinoman situ, but duration was associated only  Identification of controls from the same geographic region
among recently or annually screened women or among women decreased referral bias.
with fewer lifetime or early partners. Sexual behavior continued to confound OC associations,
Four noncausal factors could account for the positive presumably because of HPV misclassification (43). Our PCR-
association with adenocarcinonia situ: small numbers, de- based technique identified infection by 27 HPV genotypes but
tection bias, selection bias, or misclassification of HPV status. failed to detect HPV in all women with cervical carcinomas.
Small numbers offer an attractive explanation; only two women These false-negative results could result from a swab missing
with adenocarcinoman situ had never used OC, but including the infected area, infection with a HPV genotype that was not
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among these 27, and treatment that preceded sampling for mosg. Parazzini, F., and La Vecchia, C. Epidemiology of adenocarcinoma of the
cases, which meant that tissue in which HPV would have been cervix. Gynecol. Oncol.39: 40-46, 1990. _
detected was unavailabl. The fne blotdetection method lacks 1 Vacane, A, erer . B, X oo . Seros o . . g
a generic probe and therefore dO(_?S n_Ot det_eCt uncharacterized carcinéma and adenosquamous cell carcinomas. Int. J. Caffeeb36-545,
HPV genotypes. The anticontamination primer we used to rule 199s.
out contamination by HPV 16 is less sensitive than the 4 peters, R. K., Chao, A, Mack, T. M., Thomas, D., Bernstein, L., and
MY09/11 primer system and could also account for some of the Henderson, B. E. Increased frequency of adenocarcinoma of the uterine cervix in
false-negative results. Sexual history and the availability of up Young women in Los Angeles County. J. Natl. Cancer I 423-428, 1986.
to three samples.é., two clinician-administered and one self- ?ri Schwartz, S. M., and Weiss, ’\:lls-'jjnc_tfegsg‘t’ it”Cidi“CB S’f aEd?SOC%;T"ma of
administered, which was more likely to be HPV positive and 7, ~% 0" decd Women i e Hnited States. Am. 2. Epidemis:
may have d_eteCt_ed _Vagmal or vulvar |nfect|ons) from controls 6. Cannistra, S. A., and Niloff, J. M. Cancer of the uterine cervix. N. Engl.
might explain their high prevalence of HPV DNA. We assessed ;. Med. 334: 1030-1038, 1996.
misclassification by excluding HPV-negative controls, exclud- 7 jaer, s. k., and Brinton, L. A. Adenocarcinomas of the uterine cervix: the
ing cases sampled after treatment, and stratifying on sexual epidemiology of an increasing problem. Epidemiol. R&%; 486—498, 1993.
partners, but each approach produced similar results. Thes. zheng, T., Holford, T. R., Ma, Z., Chen, Y., Liu, W., Ward, B. A., and Boyle,
MYO09/11 primer system is valid (44) but detected HPV in P.The continuing increase in_ade.nocarcinomaofthe uterine cervix: a birth cohort
fewer cases with adenocarcinonma situ (50% of samples  Phenomenon. int. J. Epidemio5: 252-258, 1996. ,
collected before treatment) than cases with invasive adenocar-g' S_hlngleton, H. M. Do squamous cell carcmomas‘and adenocarcinomas of the
. N 5 . cervix have the same risk factors? Gynecol. Ondsil:,299-300, 1993.
cinoma (88%), squamous cell carcinonma situ (69%), or i . ) )
) . I . 73%). This diff b 10. Czernobilsky, B., Kessler, I., and Lancet, M. Cervical adenocarcinoma in a
Invasive squamous cell carcinoma (73%). his arfierence Be- \yoman on long-term contraceptives. Obstet. Gyneda:: 517-521, 1974.
tween the six adenocarcinonia situ and 16 'Invla.Slve adeno' , 11. Herrero, R., Brinton, L. A., Reeves, W. C., Brenes, M. M., de Britton, R. C.,
carcinoma samples approached statistical significance (Fisher'sgaitan, E., and Tenorio, F. Screening for cervical cancer in Latin American: a
exact test,P = 0.06). Sensitivity was therefore lowest for case-control study. Int. J. Epidemiok]: 10501056, 1992.
adenocarcinoma situ, and residual confounding by HPV may  12. Parazzini, F., Negri, E., Ricci, E., Franceschi, S., and La Vecchia, C. Cor-
explain why statistical adjustment did not eliminate the OC ’l‘z'el“elsogf ‘;;ag';o”"acep“"e use in ltalian women, 1991-93. Contracepton,
associations in this group. S :
I . d 9 -p . £ d - 13. Dall, R. Invasive cervical cancer and combined oral contraceptives. Br.
) nvasive adenocarcinomas arlsg rpm a enocarcmmma Med. J.,290: 1210-1210, 1985.
situ (45' 4_6)' a_md_therefore an a_SSOC|at|0n restrlcted_to adeno- 14. Singer, A., Shearman, R. P., and Scott, G. C. Contraceptives and cervical
carcinomain situ, if true, contrad|cts_ the current cerwcgl_ car-  carcinoma. Br. Med. J675: 108, 1969.
cinogenesis model (47) by SuggeSt[ng that adenOParC|ana _ 15. Swan, S. H., and Petitti, D. B. A review of problems of bias and confounding
situ does not always precede invasive adenocarcinomas. Thisin epidemiologic studies of cervical neoplasia and oral contraceptive use. Am. J.
implies that the majority of invasive adenocarcinomas progress Epidemiol.,115: 10-18, 1982.
through a pathway that does not involve OCs, and that other 16-d E'I"mi‘f’c D. I?-, Rasl, R. M(.), al1d Thte WH? Collab(;)r‘ative‘Studé/ of Neoplasia
: ; e : : and Steroid Contraceptives. Oral contraceptives and invasive adenocarcinomas
(I'.e" in addition t_O HP.V) risk factors_, that are not aSSOCI_ate_d and adenosquamous carcinomas of the uterine cervix. Am. J. Epidefidl.,
with OCs cause invasive adenocarcinomas. Other aSSOCIatIOﬂSQggl_zgg’ 1996.
between OCs and preinvasive carcinoma have been attributed7. ursin, 6., Peters, R. K., Henderson, B. E., d"Ablaing, G., Monroe, K. R., and
to reversible OC effects (27, 33, 36, 48, 49) or to the possibility Pike, M. C. Oral contraceptive use and adenocarcinoma of the cervix. Lancet,
that OCs promote existing lesions or lesions that arise at critical 344:1390-1394, 1994.
times (18, 39, 50). Adenocarcinorirasitu might also represent 18. Brinton, L. A., Reeves, W. C., Brenes, M. M., Herrero, R., DeBritton, R. C.,
a glandular response to particular HPV infections or a phase Qanan,_ E., T_enorlo, F Garcia, M., and ngls,lW. .E. Oral contraceptive use and
thr h which me invasive tumors rapidl risk of invasive cervical cancer. Int. J. Epidemidl9: 4-11, 1990.
oug c .SO € asive tumors rapidly pass. . . 19. Parazzini, F., La Vecchia, C., Negri, E., Fasoli, M., and Cecchetti, G. Risk
_In conclu5|on,.curr.ent.use of OCs was assomate.d With factors for adenocarcinoma of the cervix: a case-control study. Br. J. C&cer,
cervical adenocarcinomia situ, but OCs were not associated  201-204, 1988.
with invasive adenocarcinomas or with squamous cell carcino- 20. Jones, M. W., and Silverberg, S. G. Cervical adenocarcinoma in young
mas from the same population. Noncausal factors appear towomen: pqssible relationship of microglandular hyperplasia and use of oral
explain the previously reported 2-fold increased risk of adeno- contraceptives. Obstet. Gynecdi3: 984-989, 1989.
carcinomas among OC users. Whether the association betweergl: Persson. E., Einhom, N., and Pettersson, F. A case-control study of oral
- o - . contraceptive use in women with adenocarcinoma of the uterine cervix. Eur. J.
OCs and adenocarcinonmasitu reflects detection bias, selec-  Gpget. Gynecol. Reprod. BioR6: 85-90, 1987.

tion bias, residual confoundlng by HPV, or a true association 22. Honore, L. H., Koch, M., and Brown, L. B. Comparison of oral contraceptive

awaits resolution through additional research. use in women with adenocarcinoma and squamous cell carcinoma of the uterine
cervix. Gynecol. Obstet. Investig32: 98-101, 1991.
Acknowledgments 23. Brinton, L. A., Huggins, G. R., Lehman, H. F., Mallin, K., Savitz, D. A.,

Trapido, E., Rosenthal, J., and Hoover, R. N. Long-term use of oral contraceptive

We thank Jeanne Rosenthal, Shirley Friend, Pat Clark, and Beth Mittl at Westat, _ "o of ‘invasive cervical cancer. Int. J. Can@$: 339344, 1986,

Inc. (Rockville, MD), who coordinated the field efforts of the study; Kay . . . .
Helgesen at IMS, Inc. (Silver Spring, MD) and Shelley Niwa at Westat, Inc., who 24. Brinton, L. A, Tashima, K. T., Lehman, H. F., Levine, R. S., Mallin, K.,
prepared data for analysis; Janet Kornegay at Roche Molecular Systems (Ala- Savitz, D. A., Stolley, P. D., and Fraumeni, J. F., Jr. Epidemiology of cervical
meda, CA), who assisted in resolving the HPV 16 contamination; Sue Bedger ¢ancer by cell type. Cancer Red7: 1706-1711, 1987.

(Hershey Medical Center), Michelle Blanchard (Georgetown), Lynn Crawford 25. Irwin, K. L., Rosero-Bixby, L., Oberle, M. W., Lee, N. C., Whatley, A. S.,
(University of Maryland), Kate Nellemann (George Washington), and Bobbi Fortney, J. A., and Bonhomme, M. G. Oral contraceptives and cervical cancer risk
Robbins (Graduate Hospital), who coordinated efforts at the clinical centers; and in Costa Rica: detection bias or causal association? J. Am. Med. AS&S.,
Robert Kurman (Johns Hopkins Medical Institutions) and Richard Zaino (Her- 59-64, 1988.

shey Medical Center), who along with Steven Silverberg (University of Mary- 26 Brinton, L. A. Oral contraceptives and cervical neoplasia. Contracegton,
land), were responsible for the pathological review of cases. 581-595, 1991.

27. Schiffman, M. H., and Brinton, L. A. The epidemiology of cervical carci-
References nogenesis. Cancer (Phila76: 1888-1901, 1995.

1. DeVesa, S. S, Young, J. L., Jr., Brinton, L. A., and Fraumeni, J. F., Jr. Recent 28. Peyton, C. L., Schiffman, M., Lorincz, A. T., Hunt, W. C., Mielzynska, I.,
trends in cervix uteri cancer. Cancer (Phil&); 2184-2190, 1989. Bratti, C., Eaton, S., Hildesheim, A., Morera, L. A., Rodriguez, A. C., Herrero,



Cancer Epidemiology, Biomarkers & Prevention 1085

R., Sherman, M. E., and Wheeler, C. M. Comparison of PCR- and hybrid
capture-based human papillomavirus detection systems using multiple cervical
specimen collection strategies. J. Clin. Microbi@6: 3248-3254, 1998.

29. Gravitt, P. E., Peyton, C. L., Apple, R. J., and Wheeler, C. M. Genotyping of
27 human papillomavirus types by using L1 consensus PCR products by a
single-hybridization, reverse line blot detection method. J. Clin. Microk@:,
3020-3027, 1998.

30. van den Brule, A. J., Class, E. C., du Maine, M., Melchers, W. J., Helmer-
horst, T., Quint, W. G., Lindeman, J., Meijer, C. J., and Walboomers, J. M. Use
of anti-contamination primers in the polymerase chain reaction for the detection
of human papillomavirus genotypes in the cervical scrapes and biopsies. J. Med.
Virol., 29: 20-27, 1989.

31. Breslow, N. E., and Day, N. E. Statistical methods in cancer research.

Volume I. The analysis of case-control studies, Vol. 32, pp. 192-246. Lyon:
IARC, 1980.

cervical tumors to cigarette smoking, oral contraceptive use, and prior herpes
simplex virus type 2 infection. Cancer Epidemiol. Biomark. Prév.541-548,
1996.

40. Bosch, F. X., Munoz, N., de Sanjose, S., Izaraugaza, I., Gili, M., Viladiu, P.,
Tormo, M. J., Moreo, P., Ascunce, N., Gonzalez, L. C., Tafur, L., Kaldor, J. M.,
Guerrero, E., Aristizabal, N., Santamaria, M., Alonso de Ruiz, P., and Shah, K. V.
Risk factors for cervical cancer in Colombia and Spain. Int. J. Carg2r,
750-758, 1992.

41. Madeleine, M. M., Schwartz, S. M., Shera, K., McKnight, B., Wipf, G. C.,
Carter, J. J., Critchlow, C. W., Galloway, D. A., McDougall, J. K., and Daling,

J. R. Human papillomavirus and long-term oral contraceptive use increase the risk
of adenocarcinomen situ of the cervix. Am. J. Epidemiol149(11 Suppl.) S79,

1999.

42. Wright, T. C., Kurman, R. J., and Ferenczy, A. Precancerous lesions of the
cervix.In: R. J. Kurman (ed.), Blaustein’s Pathology of the Female Genital Tract,

32. SAS Institute, Inc. SAS Software: Changes and Enhancements, Release 6.11Ed. 4, pp. 229-277. New York: Springer-Verlag, 1994.

Cary, NC: SAS Institute, Inc., 1995.

33. Ye, Z., Thomas, D. B., Ray, R. M., and The WHO Collaborative Study of
Neoplasia and Steroid Contraceptives. Combined oral contraceptives and risk of
cervical carcinoman situ. Int. J. Epidemiol.24: 19-26, 1995.

34. Hildesheim, A., Reeves, W. C., Brinton, L. A., Lavery, C., Brenes, M. M.,
DelLaGuardia, M. E., Godoy, J., and Rawls, W. E. Association of oral contra-
ceptive use and human papillomaviruses in invasive cervical cancer. Int. J.
Cancer45: 860—864, 1990.

35. Negrini, B. P., Schiffman, M. H., Kurman, R. J., Barnes, W., Lannom, L.,
Malley, K., Brinton, L. A., Delgado, G., Jones, S., Tchabo, J-G., and Lancaster,
W. D. Oral contraceptive use, human papillomavirus infection, and risk of early
cytological abnormalities of the cervix. Cancer Ré&f); 4670—-4675, 1990.

36. Jones, C. J., Brinton, L. A., Hamman, R. F., Stolley, P., Lehman, H. F.,
Levine, R. S., and Mallin, K. Risk factors fam situ cervical cancer: results from

a case-control study. Cancer Res0; 3657-3662, 1990.

37. Schiffman, M. H., and Schatzkin, A. Test reliability is critically important to
molecular epidemiology: an example from studies of human papillomavirus
infection and cervical neoplasia. Cancer R&g.{Suppl.) 1944s-1947s, 1994.

38. Munoz, N., Bosch, F. X., de Sanjose, S., Vergara, A., del Moral, A., Munoz,
M. T., Tafur, L., Gili, M., Izaraugaza, |., Viladiu, P., Navarro, C., Alonso de Ruiz,
P., Aristizabal, N., Santamaria, M., Ofrfila, J., Daniel, R. W., Guerrero, E., and
Shah, K. V. Risk factors for cervical intraepithelial neoplasia grade Ill/carcinoma
in situin Spain and Colombia. Cancer Epidemiol. Biomark. Prév423—-431,
1993.

39. Darling, J. R., Madeleine, M. M., McKnight, B., Carter, J. J., Wipf, G. C.,
Ashley, R., Schwartz, S. M., Beckmann, A. M., Hagensee, M. E., Mandelson,
M. T., and Galloway, D. A. The relationship of human papillomavirus-related

43. Franco, E. L. The sexually transmitted disease model for cervical cancer:
incoherent epidemiologic findings and the role of misclassification of human
papillomavirus infection. Epidemiology: 98-106, 1991.

44. Coutlee, F., Gravitt, P., Richardson, H., Hankins, C., Franco, E., Lapointe, N.,
Voyer, H., and the Canadian Women'’s HIV Study Group. Nonisotopic detection
and typing of human papillomavirus DNA in genital samples by the line blot
assay. J. Clin. Microbiol.37: 1852-1857, 1999.

45. Kurian, K., and Al-Nafussi, A. Relation of cervical glandular intraepithelial
neoplasia to microinvasive and invasive adenocarcinoma of the uterine cervix: a
study of 121 cases. J. Clin. Pathd@2: 112-117, 1999.

46. Lu, X., Shiozawa, T., Nakayama, K., Toki, T., Nikaido, T., and Fuijii, S.
Abnormal expression of sex steroid receptors and cell cycle-related molecules in
adenocarcinoman situ of the uterine cervix. Int. J. Gynecol. Pathdlg: 109—

114, 1999.

47. Schiffman, M. H., Liaw, K. L., Herrero, R., Sherman, M. E., and Hildesheim,
A. Epidemiologic support for a simplified view of cervical carcinogenesis.
Eurogin Bull.,1: 2—6, 1998.

48. Brock, K. E., Berry, G., Brinton, L. A., Kerr, C., MacLennan, R., Mock,
P. A., and Shearman, R. P. Sexual, reproductive and contraceptive risk factors for
carcinomain-situ of the uterine cervix in Sydney. Med. J. Aust50: 125-130,
1989.

49. Molina, R., Thomas, D. B., Dabancens, A., Lopez, J., Ray, R. M., Martinez,
L., and Salas, O. Oral contraceptives and cervical carcinongtu in Chile.
Cancer Res48: 1011-1015, 1988.

50. Parazzini, F., Chatenoud, L., La Vecchia, C., Chiaffarino, F., Ricci, E., and
Negri, E. Time since last use of oral contraceptives and risk of invasive cervical
cancer. Eur. J. Canced4: 884—-888, 1998.



